The triple transgenic mouse (3xTgAD), harboring human APP Swe , PS1 M146V and Tau P301L genes, develops age-dependent forebrain intraneuronal Aβ and tau as well as extraneuronal plaques. We evaluated brainstem AD-like pathology using 6E10, AT8, and Alz50 antibodies and unbiased stereology in young and old 3xTgAD mice. Intraneuronal Aβ occurred in the tectum, periaqueductal gray, substantia nigra, red nucleus, tegmentum and mesencephalic V nucleus at all ages. Aβ-positive neuron numbers significantly decreased in the superior colliculus and substantia nigra while AT8-positive superior colliculus, red nucleus, principal sensory V, vestibular nuclei, and tegmental neurons significantly increased between 2 and 12 months. Alz50-positive neuron numbers increased only in the inferior colliculus between these ages. Dual labeling revealed a few Aβ-and tau-positive neurons. Plaques occurred only in the pons of female 3xTgAD mice starting at 9 months. 3xTgAD mice provide a platform to define in vivo mechanisms of Aβ and tau brainstem pathology.
Introduction
Although the brains of patients with Alzheimer's disease (AD) are characterized by the presence of neurofibrillary tangles (NFT) and beta-amyloid (Aβ) plaques, the distribution and disease-related progression of these lesions has mainly been detailed in the neo and limbic cortex (Bancher et al. 1993; Braak and Braak, 1991; Schonheit et al. 2004; Thal et al. 2002) . On the other hand, the distribution of brainstem AD-like pathology is not well defined despite the fact that nearly 50% of AD cases display lesions in nontelencephalic areas of the brain (Thal et al. 2002) . The AD brainstem exhibits neurofibrillary tangles in the inferior colliculus (Ohm and Braak, 1989; Sinha et al. 1993a) , locus coeruleus (ChanPalay et al. 1990 ), pedunculopontine nucleus (Mufson et al. 1988 ), dorsal raphe (Aletrino et al. 1992; Curcio and Kemper, 1984) , and substantia nigra (Schneider et al. 2002) . Cell loss is documented in Edinger-Westphal neurons (Scinto et al. 2001) , and Aβ plaque pathology is seen in the substantia nigra, periaqueductal gray, superior and inferior colliculi, and red nucleus (Brilliant et al. 1992; Iseki et al. 1989; Parvizi et al. 2001; Thal et al. 2002) .
Animal models that mimic the distribution of AD-like pathology are important tools in the investigation of the pathogenesis of Aβ and neurofibrillary lesions. The vast majority of mouse models of AD have been generated by incorporating familial AD (FAD) mutations of the amyloid precursor protein (APP) and/or presenilin-1 (PS1) gene into the mouse genome resulting in extensive age-dependent brain Aβ plaque pathology (Games et al. 2006) . Most studies using Aβ-over-expressing mice have concentrated on understanding the distribution and progression of Aβ plaques in the cerebral and limbic cortices (Borchelt et al. 1997; Gordon et al. 2002; Holcomb et al. 1998; Hsiao et al. 1996; Jaffar et al. 2001; Wengenack et al. 2000) , whereas only a few studies have reported brainstem Aβ plaque pathology (Christensen et al. 2008a) . By contrast, mice over-expressing the human tau gene, P301L, alone and in combination with APP FAD genes, display forebrain and brainstem tangle-like structures (Gotz et al. 2001; Lewis et al. 2001; Lewis et al. 2000; Ramsden et al. 2005; Santacruz et al. 2005) . Recently, LaFerla and coworkers developed a triple transgenic mouse (3xTgAD) harboring human APP Swe , PS1 M146V and Tau P301L gene mutations (Oddo et al. 2003b) , which develops intraneuronal Aβ and tau, as well as Aβ plaques in an agedependent manner within the cortex, hippocampus and amgydala (Caccamo et al. 2006; Carroll et al. 2007; Oddo et al. 2003a; Oddo et al. 2003b ). In the 3xTgAD mouse, three transgenes were subcloned into the Thy1.2 cassette which restricts transgene expression to neurons (Caroni 1997) . A review of the literature failed to reveal any mention of brainstem Aβ or tau-like pathology in 3xTgAD mice. In the present study, we evaluated brainstem ADlike pathology using antibodies against Aβ and tau epitopes combined with unbiased stereological counting procedures in young, middle and old 3xTgAD mice. 
